The stretching sheets with variable thickness may occur in engineering applications more frequently than a flat sheet. Due to its various applications, in the present analysis we considered a three dimensional unsteady MHD nanofluid flow over a stretching sheet with a variable wall thickness in a porous medium. The effects of radiation, viscous dissipation and slip boundary conditions are considered. Buongiorno's model is incorporated to study the combined effects of thermophoresis and Brownian motion. The dimensionless governing equations are solved by using MATLAB bvp4c package. The impact of various important flow parameters is presented and analysed through graphs and tables. It is interesting to note that all the three boundary layer thicknesses are diminished by slip parameters. Further, the unsteady parameter decreases the hydromagnetic boundary layer thickness.
Introduction
The study of fluid flow in a stretched boundary layer accompanied by heat transfer has received great interest of scientists due to the applications which are widely spread in many areas. The heating and cooling process in heat transfer analysis plays an important role in various industries such as manufacturing, electronics and transportation, etc. During this process metals are heated and cooled in a specific order so that to keep the metal away from molten state. The steady two dimensional boundary layer flow of a Newtonian fluid over a stretching surface has been studied by Crane [1] . The boundary layer flow and heat transfer of nanofluids over a stretching sheet is a vital concept in the present research era. These concepts provide many applications over a broad spectrum of science and engineering disciplines. The heat transfer feature is an important aspect in the study of boundary layer flow of a nanofluid over a stretching sheet. The boundary layer flow of a nanofluid over a stretching sheet was studied by Khan and Pop [2] . They found that the Brownian motion and thermophoresis parameters cause a reduction in the heat transfer rate. Nadeem and Lee [3] analysed the impact of a nanofluid over an exponential stretching sheet. Mansur and Ishak [4] discussed the unsteady nanofluid flow over a stretching/shrinking sheet with convective boundary condition. The illustrative studies on boundary layer flow of a nanofluid over a stretching sheet can be found in [5] [6] [7] [8] .
The no-slip boundary condition is often utilized in the flow problems of viscous fluids. However, there are numerous cases where such condition is inadequate and slip may occur on the boundary, when the fluid is particulate such as emulsions, suspensions, foams and polymer solutions. The behaviour of a fluid flow subject to the slip flow governance shows great discrepancy from the traditional flow. The discrepancy between the fluid velocity at the wall and the velocity of the wall itself is directly proportional to the shear stress. The proportionality constant is called the slip length (Maxwell [9] , Hak [10] ). Beavers and Joseph * To whom correspondence should be addressed [11] investigated fluid flow over a permeable wall with a slip boundary condition. The boundary layer flow of a nanofluid over non-linear permeable stretching sheet at prescribed surface temperature was discussed by Das [12] . Goyal and Bhargava [13] explained the visco-elastic nanofluid flow past a stretching sheet with partial slip condition. They found that the visco-elastic parameter contraverses the direction of fluid flow when it is close to the stretching sheet and far away from the sheet. Awais et al. [14] investigated the MHD stagnation point flow of a nanofluid over a stretching sheet with slip boundary conditions. Raza et al. [15] examined the hydromagnetic boundary layer flow of a nanofluid in a rotating channel with the slip conditions and suction/injection. The study of nanofluid with slip conditions over a stretching sheet was carried out by the authors [16] [17] [18] [19] .
The stretching sheet with variable thickness has more engineering applications than a flat sheet. So, many authors have concentrated on variable thickness sheets. Among them, Fang et al. [20] considered the boundary layer flow over a stretching sheet with variable wall thickness and observed that the boundary layer becomes thinner for m 1  and becomes thicker for m 1  . Khader and Ahmed [21] presented the numerical solutions for the steady boundary layer slip flow over a stretching sheet with variable wall thickness. Anjali Devi and Prakash [22, 23] studied the effects of thermal conductivity, temperature dependent viscosity and radiation on MHD slendering sheet. Abdel-wahed et al. [24] presented the nanofluid flow over a moving surface with non-linear velocity and variable wall thickness under the influence of a magnetic field and heat source. Kumar and Varma [25] investigated the magnetohydrodynamic nanofluid flow through a porous medium over a slendering sheet under the influence of viscous dissipation, thermal radiation and chemical reaction and found that the radiation parameter, thermophoresis parameter enhance the nanofluid temperature. Later, Kumar et al. [26] analysed the hydromagnetic 3D slip flow over a slendering sheet by using single walled and multi-walled nanotubes. Hayat et al. [27] examined the hydromagnetic flow of a tangent hyperbolic nanofluid over a stretching sheet with variable wall thickness. Acharya et al. [28] discussed the MHD slendering stretched flow by using TiO 2 and Ag nanoparticles with water as a base fluid. Very recently, Prasad et al. [29] studied hydromagnetic flow of a nanofluid over a slender elastic sheet with variable wall thickness, thermal conductivity and species molecular diffusion. The main goal of this article is to investigate a three dimensional unsteady flow of a hydromagnetic nanofluid over a stretching sheet with variable wall thickness in a porous medium. Thermal radiation and viscous dissipation effects are taken into account. The resulting set of ordinary differential equations is solved by using MATLAB bvp4c package. The influence of various important flow parameters on the velocity, temperature, nanofluid concentration as well as the friction factor coefficient and the rate of heat and mass transfer coefficients are analysed through graphs and tables.
Formulation of the problem
A three-dimensional hydromagnetic nanofluid flow over a stretching sheet with variable wall thickness in a porous medium has been considered in the present work. The velocity, thermal and solutal slip conditions, viscous dissipation and thermal radiation effects are taken into account. Buongiorno's model is incorporated. The x  axis is chosen in the direction of flow, and y z axes are perpendicular to it (see along the x and y directions, respectively. We assume that the sheet is not flat but rather is defined as ( )
The coefficient E is chosen as a small constant so that the sheet is sufficiently thin to avoid a measurable pressure gradient along the sheet. A variable magnetic field
is applied normal to the flow direction. The non-uniform permeability of the porous medium can be taken in the form ( )
The thickness of the sheet may decrease or increase with distance from the slot, which is dependent on n . For n 1  , the sheet is flat. Fig.1 The physical model of flow configuration.
Under the aforesaid assumptions the governing boundary layer equations for an unsteady three dimensional flow is
The appropriate boundary conditions are
, ,
The Roseland approximation is taken as T is expanded by using the Taylor series in terms of T  as
In view of Eqs (2.11) and (2.12), Eq.(2.4) can be written as
Solution of the problem
The above mentioned dimensional equations are transformed to dimensionless form by using the following suitable similarity transformations
( )
In view of the above similarity transformations the set of Eqs (2.2), (2.3), (2.5) and (2.13) and the boundary conditions (2.6) are transformed as
and the corresponding boundary conditions are
where ( )
The skin friction coefficient, heat and mass transfer rates are defined as
Here ( ) Re
w x u x y c     is the local Reynolds number.
Results and discussion
The set of ordinary differential Eqs (3.3)-(3.5) with the corresponding boundary conditions (3.6) is solved by using MATLAB bvp4c package. The obtained numerical results are presented through graphs (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) and Tabs 4-5. Also, we compare the present results with the existing results of Fang et al. [20] and Khader and Megahed [21] in Tabs 1-3 with some limiting cases. We fixed the value of non-dimensional parameters as Pr . ,
The numerical values of the skin friction coefficient and the local Nusselt number for various flow quantities are presented in Tabs 4 and 5. temperature and concentration fields. It is seen that the velocity, temperature and concentration profiles are increased with increasing the value of n and also a significant change is observed in the fluid characteristics for a shear thickening fluid ( ) n 1  than that of a shear thinning fluid ( ) n 1  . Generally, a thin surface generates more heat than a thick surface. Therefore, enhancing the velocity power law index parameter tends to reduce the thickness of the sheet. Therefore the temperature of the fluid increases. A . An opposite trend is observed on temperature profiles (see Fig.9 ). Figures 10-12 show the velocity, temperature and concentration profiles with the impact of the variable wall thickness parameter ( )  . It is evident that for large values of ,  there is a smaller deformation in the stretching of wall and hence the fluid velocity decreases. As said above, thick surfaces slowly emit the heat into the flow. Therefore, increasing the value of  is to reduce the heat dissipation towards the flow and reduce the temperature profiles. A similar phenomenon is observed on the concentration profile. 
Figures 13 and 14 illustrate the impact of thermophoresis ( )
Nt on temperature and concentration fields. It is noted that on increasing the values of Nt the temperature and concentration profiles of a fluid increase significantly. This is due to suspension of micro sized particles into fluid acquire an increment in the temperature difference between the fluid and the sheet. In accordance with this, the thermal boundary layer thickness increases and hence temperature increases. A similar trend is observed on concentration profiles. Because for higher values of Nt, the thermophoretic difference becomes stronger and absorbs the particles from the hotter region to the cooler region. In fact , the Brownian motion tries to push the particles in the direction opposite to the concentration gradient and makes the nanofluid more homogeneous. Hence, for higher values of   Nb the concentration becomes low (see Fig.15 ). L . The fluid temperature decreases with the thermal slip parameter. This is because an increasing slip parameter causes to reduce the heat transfer phenomenon. Therefore, the temperature of the fluid decreases (see Fig.17 ). Figure 18 presents the concentration profiles for the solutal slip parameter ( ) Physically, the Eckert number is the relation between the flow kinetic energy and heat enthalpy difference. Therefore, Ec improves the kinetic energy and consequently increases the temperature of a fluid. Further, we noticed that there is more significant in temperature profiles when R 0  , than R 0  . 
Final remarks
In the present work we investigate the unsteady three dimensional nanofluid flow over an exponentially stretching sheet in the presence of slip conditions. The important remarks which can be found in the present study are: 1. High values of the magnetic field parameter increase the skin friction coefficient.
2. An increase in the Eckert number leads to more heat transfer in the fluid. 
